. In various other studies it has also been demonstrated that aggressive individuals function poorly under unstable conditions (ALEXANDER, 1974; FOKKEMA, 1985; MANUCK et al., 1983) . In a previous study we have shown that the routine-like behaviour of aggressive males is a possible factor underlying this malfunctioning (BENUS et al., 1987) . Both in mice and rats, it has been found that aggressive males perform better in a maze task with an invariable configuration, whereas non-aggressive males perform better when the configurations are regularly altered. It has also been shown that all animals are equally capable of learning the task, hence differences in learning ability cannot account for the results.
Instead, the data are interpreted in terms of differences in the degree of routine-like behaviour between aggressive and non-aggressive individuals.
During the repeated runs through the maze, aggressive males seem to build up a routine and consequently their performance is stable. In addition, they do not react to minor changes in the environ-') This study was supported by the Foundation for Fundamental Research (BION, grant no. 430.221) , which is subsidized by the Netherlands Organization for the Advancement of Pure Research. ment. Non-aggressive males omit the formation of routines, their performance is more variable, directed at details of the environment (e.g. exploration even in a familiar situation) and significantly influenced by minor changes in it. When the configuration of the maze is changed every three trials, the routine-like behaviour of the aggressive males is a hindrace in reconstructing the route to the goal, whereas the high attentiveness to details in the surroundings facilitates the performance of the non-aggressive animals.
To obtain a better understanding of the relationship between aggression and routine-like behaviour the use of bidirectional selection lines for aggression (short and long attack latency lines; SAL and LAL) is profitable. In the first place it can be questioned whether selection for aggression coincides with selection for routine-like behaviour.
Or to put it in another way: do SAL and LAL animals show the same differentiation in the extent of routine-like behaviour as is shown for randomly bred The maze experiments as carried out with the randomly bred aggressive and non-aggressive male mice (BENUS et al., 1987) were not repeated with the selection lines for two reasons; firstly because of difficulties in foodrationing the LAL males and secondly because there existed a significant difference in entry-latencies of the maze between LAL and SAL males (BENUS, unpubl. results Methods.
Subjects.
Mus musculus domesticus males of selection lines for short and long attack latency (SAL and LAL; see van OORTMERSSEN & BAKKER, 1981 ; van OORTMERSSEN et al., 1985) were used. The mice were housed in plexiglas cages of 17 x 11 x 13 cm in a room with a LD 12:12 2 h cycle (light off: 12.30 h). Food and water were available ad libitum. At weaning age (3-4 weeks) the litters were separated from their parents. At the age of sexual maturity (6-8 weeks) the animals were paired male-female. At the age of 14 weeks the male mice were tested for their attack latency score (ALS; for procedure see van OORTMERSSEN & BAKKER, 1981) . Four groups of males (each n = 8) were selected for the experiments, which were carried out within three weeks after the ALS test; two SAL groups with mean ALSs of 47.9 ± 10.2 and 46.9 ± 10.9 s, respectively, a slow-attacking LAL group with a mean ALS of 559.2 ± 40.8 s and a fast-attacking LAL group with a mean ALS of 98.8 + 34.0 s.
Apparatus.
Experiments were carried out in 16 Y-shaped living-structures ( Fig. 1 ) in which the mice (one per cage) lived permanently during the experiment. The structures were placed in a room with a LD 12:12 h cycle (light off: 12.00 h). A structure consisted of a black painted nestbox measuring 33 x 20 x 13 cm, in which all animals appeared to sleep, and a Y-shaped tube of length 125 cm and diameter 4.5 cm that connected the nestbox with a goalbox measuring 70 x 38 x 38 cm. Two small cages, each measuring 17 x 11 x 13 cm and containing water and food, were connected to the goalbox. In both arms of the Ytube a possibility existed to block the passage (sliding doors A and B in Fig. 1 ). Six photosensitive cells per living-structure allowed automatic registration of the locomotion patterns of the mice. An Apple IIE personal computer registered when which photosensitive cell was passed. The data were stored on floppy disks for further analysis.
Procedure.
The experiments were carried out in two replications. First, at day 1 eight SAL and eight slow-attacking LAL males were placed in the living-structures. They were left undisturbed until at day 10 one arm of the Y-tube was partitioned off, forcing the animals to take the other arm towards the food and water compartments. At day 16 blockage of the arm was reversed. Reversal took place between 11.30 and 12.00 h, so just before onset of the dark (active) period. Registration covered three days before and after the reversal. Second, at day 1 eight other SAL and eight fast-attacking LAL males were placed in the (thoroughly cleaned) living-structures of which one arm was already blocked. At day 8 reversal of the blockage was carried out, again between 11.30 and 12.00 h. Registration covered three days before and after the reversal.
Analysis and statistics. Because of the enormous amount of data (20.000-30.000 photocell registrations per day) analysis was restricted to the data obtained in the dark period and to certain sequences of photocell crossings (locomotion patterns). A pilot experiment, by direct observations, revealed that the locomotion patterns that start from the nestbox give a reliable measure of goal-directed behaviour. Visiting the blocked arm after having visited other places appeared to be part of an exploratory bout and hence was considered as inappropriate for our purpose. Therefore, a computer program was designed that selected the following sequences of photocell interruptions (triplets): 1 2 1, 1 2 3, 1 2 4, 1 2 6, 1 3 1, 1 3 2, 1 3 5 and 1 3 6. If arm A was blocked, the triplets 1 2 1 and 1 2 3 were considered as errors (the triplets 1 2 4 and 1 2 6 cannot occur). If arm B was blocked, the triplets 1 3 1 and 1 3 2 were considered as errors (the triplets 1 3 5 and 1 3 6 cannot occur). The percentage errors per individual was calculated as the number of fault triplets per total of selected triplets for that individual. Total activity of each mouse was a summation of all photocell interruptions, irrespective of sequence. To correct for possible activity differences a measure that incorporated both activity and number of errors was calculated. This measure was the number of fault triplets divided by the total activity score multiplied by 100 = number of errors per 100 transitions. The three measures (9lo errors, activity and errors per 100 tansitions) were calculated for the 2 days preceding reversal of the blockage (an average for these 2 days is given), for the day of reversal and for the 2 days subsequent to the day of reversal (again an average is given). Data are expressed as mean + standard error (sem). All the testing on statistical significance for the two unrelated samples was done with the Mann-Whitney U test (MWU). If the samples were related the Wilcoxon Matched-Pairs test (WMP) was used. The p-values are two-tailed.
Results.
In a Y-shaped permanent living-structure in which only one arm gave access to the food and water compartments, the blocked arm was only scarcely attended, both by SAL and LAL male mice (Fig. 2) . However, SAL and LAL mice showed a large difference in their increase in percentage of errors upon reversal of the accessible arm (Fig. 2) . Although both types of males showed a significant increase in percentage of errors at the day of reversal (WMP, LAL: p<0.01; SAL: this increase was Fig. 2 . Percentage entries of the blocked arm in LAL and SAL males; averaged over two days before reversal, at the day of reversal and averaged over the two days after reversal of the blocked arm. (MWU: p<0.05**; WMP: p<0.01***, p<<0.01****). significantly higher in SAL (8 = 41.2 2 :t 6.6 % ) than in the LAL males (8 = 17.1 1 + 6 . 4 9lo ; MWU, p < 0.025).
In the two days following the reversal the percentage of errors in the LAL mice returned to the original level, whereas the SAL males still showed an increased percentage of errors (WMP, p < 0.01 ).
Exactly the same picture emerged when the data were corrected for differences in activity between SAL and LAL males. As it is indicated in Table 1 LAL males were generally more active than SAL mice. This had no impact on the differences in the number of errors between LAL and SAL mice. The increase in number of errors per 100 transitions after TABLE 1. Mean activity (number of photocell transitions) during the dark phase of the daily cycle in LAL and SAL male mice; averaged over 2 days before reversal, at the day of reversal and averaged over 2 days after reversal of the accessible arm MWU: p<0.01**, p<0.025***.
reversal of the accessible arm was only slightly significant in the LAL males (WMP, p = 0.05), but highly significant in the SAL mice (WMP, p << 0.01 ). Accordingly, the increase in number of errors per 100 transitions was significantly higher in the SAL (8 = 7.2 ± 1.2 errors) than in the LAL mice (8 = 2.2 ± 0.8 errors; MWU, p < 0.01).
The above results were compiled from the data of the two experiments, thus with SAL and LAL males irrespective of their actual attack latency score. The separate data of the two experiments, carried out with SAL mice with short attack latencies and LAL mice with long attack latencies (SAL and LAL-lal) and with SAL and LAL mice both with short attack latencies (SAL and LAL-sal) respectively, are shown in Fig. 3 . The similarity of the data obtained with the two SAL groups shows the reliability of the method. There were no significant differences found between both groups (MWU, ns). The SAL group in the first experiment showed an increase in errors after reversal of the blockage of 38.3 3 I. 9. 7 % and that in the second experiment of 44.5 ± 9.5 % . Corrected for activity the increase in number of errors per 100 transitions amounted to 6.8 + 1.4 in the first and 7.7 7 + 2.1 in the second group. However, also between the LAL-lal and the LAL-sal males there were no significant differences (MWU, ns). After reversal of the blockage LAL-lal males showed an increase in errors of 16.3 ± 6. 7 % and corrected for activity an increase of 1.9+0.9 errors per 100 transitions. LAL-sal males showed similar results; 18.1 + 12.0 % and 2.5 + 1.6 errors per 100 transitions, respectively.
As a last point it must be mentioned that the response to blockage of an arm in the situation that both arms were originally accessible was not significantly different between LAL and SAL males (MVVL1, ns). Discussion.
The findings of the present experiment suggest that males of a line selected for short attack latency are more routine-like in their behaviour than individuals of a line selected for long attack latency. This is shown by their differential response to reversal of the arm of a Y-tube that gives access to the food compartments in a permanent living-structure. Before reversal the blocked arm was only scarcely visited both by SAL and LAL mice. However, at the day of reversal SAL mice entered the newly blocked arm significantly more often than LAL individuals. The increased number of errors continued to exist for at least two more days after the day of reversal in the SAL line, but the number of errors in the LAL line returned to the pre-existing level within this time span. Thus, the SAL males had difficulties in shifting their locomotion pattern. During the training period they probably developed a strongly anchored locomotion pattern, which is difficult to oppress when a change is introduced. Although the LAL mice adopted the same locomotion pattern, i. e. , before reversal they visited the blocked arm as little as the SAL males did, they readily shifted to another locomotion pattern, presumably owing to the omittance of developing a locomotion routine. Some may argue that the difference in response to reversal between SAL and LAL mice is caused by differences in learning ability. It has firmly been established that learning differences between individuals are to a considerable extent due to genetic variation (for review : WAHLSTEN, 1972) . Although in our study attack latency has been the only selection criterion, correlated changes in other phenotypes, like for instance learning ability, may also appear through the additive action of common genes. However, differences between individuals in level of performance in tasks which involve learning cannot simply be interpreted as individual differences in learning ability. There is abundant evidence that many other factors exert their influence on performance level in a particular task, like sensory capacities and preferences, motivation (e.g., some strains appear to be more highly motivated by hunger than others) or activity (PADEH et al., 1974; WAHLSTEN, 1972) . A task for which it has now generally been recognized that differences in performance do not reflect differences in learning abilities is the two-way active shock avoidance task. Differences in responses (fleeing vs freezing) that are elicited in this aversive task contribute to a much larger extent to differences in performance levels than differences in classical or instrumental learning (BOLLES, 1970; KATZEV & MILLS, 1974 ). This has also been shown in our selection lines. On average, SAL mice are better active shock avoiders than LAL males, but LAL animals that maintain activity (as do all SAL males) reach equally high levels of performance as SAL mice (BENUS et al., 1990) . In the present experiment it seems unlikely that differences in learning ability are responsible for the differences in response to reversal of the blocked arm between SAL and LAL male mice. The response to blockage of an arm without previously being forced to adopt a particular locomotion pattern to the food compartments is highly similar in SAL and LAL males, indicating an equivalance in the ability to learn which arm leads to the food compartments. Therefore, it may be concluded that in the present experiment not differences in learning ability, but differences in constraints on what SAL and LAL mice will learn seem to determine their performance levels. The experiments clearly show that selection for aggression (i. e. attack latency) generally coincides with selection for routine-like behaviour. Both characteristics seem to be influenced by many of the same genes, which results in a correlated response to selection for attack latency. However, aggression and routine-like behaviour can also vary independently as is shown by the flexible behaviour of aggressive mice that originated from the LAL line.
Part B: Social situation Introduction.
The purpose of this experiment was to find out whether males of bidirectionally selected lines for attack latency, that turn out to differ in the degree of routine-like behaviour in a non-social situation, also differ in the degree of routine formation in their aggressive behaviour.
Although most individuals of the LAL line do not attack male opponents, and thus show no aggressive behaviour, some males readily attack intruders, and this last group was used in this experiment.
Whether or not animals perform routine-like behaviour can be studied from their response to a change that is suddenly introduced after a certain amount of unilateral experience with a situation. A lack of response or a delayed response indicate that a routine has been developed, whereas an immediate adjustment of behaviour points to the absence of routine formation.
Thus, the response to a female intruder after considerable experience with male intruders can be used to investigate whether the attacking behaviour has become a routine or not. , 1965; CROWCROFT & ROWE, 1963; van ZEGEREN, 1980) . However, females living within an established social structure (and thus familiar to the males) are not attacked by territory owning males and are allowed to move freely over the whole area without being limited by territory boundaries (MACKINTOSH, 1970) . Thus, the natural response towards familiar females is not to attack them. It was expected that after unilateral experience with attacking male opponents LAL males change their behaviour appropriately when the female with which they have lived pair-wise is introduced as intruder, whereas SAL mice will attack her due to the formation of a habit to attack intruders.
Methods.
Subjects. Subjects and housing conditions were the same as in part A. Again within three weeks after the attack latency test the animals were used in the experiments. Male opponents in these experiments were mice from an inbred albino strain (MAS-Gro).
Procedure. Fig. 4 shows the test-cage that was used in the present experiments. The cage measured 80 x 30 x 30 cm and was divided into 4 compartments. Compartment A and B functioned as the home-cage, compartment C as border area and compartment D as introduction chamber for the opponent. The compartments were divided by plexiglas sliding doors 1, 2 and 3, of which door 3 was perforated. The cage was covered with sawdust and shavings. At day 1 a male and female, that had lived together from 6-8 weeks of age, were introduced in the test-cage and were allowed for one hour to explore the compartments A, B and C. After this hour both animals were confined to A and B. At day 2 the animals were once more allowed to explore C for 1 hour, after which they were again confined to A and B. At day 3 the actual testing started. This was done within two hours after onset of the dark period. An opponent, whether male or female, was placed in D, while the resident male was locked up in B (and the female, if not used as opponent, in A). Subsequently, sliding door 2 was opened and the resident was allowed to enter C. At the moment the resident nosed door 3 (the perforated one), it was opened cautiously and the attack latency measurement started, ending at the first jump-or bite-attack by the resident (or by the intruder, which was very rare). The animals were immediately separated upon attack. The number of encounters between the resident and the intruder before attacking was also counted. Nosing at sliding door 3 was included as an encounter, thus all animals had at least 1 encounter before attacking. A test lasted maximally 10 minutes. A resident was never tested more than once a day and never met the same opponent twice. There were three different test-sequences, performed with different animals, which are outlined in Table 2 .
Analysis and statistics. To determine differences in the response to female opponents, it was necessary to match the responses towards male opponents in SAL and LAL residents. Therefore, we selected the groups after the experiment had been carried out. Only residents that attacked male opponents on each day within 50 s were analyzed for their response towards a female opponent. In test I 39 LAL mice were tested of which only 18 attacked the male intruders within 50 s. Fifteen out of 17 SAL males attacked the male opponents sufficiently fast. In test II 20 out of 30 LAL and all (n = 18) SAL males attacked the male opponents within 50 s. In test III over 50 LAL mice were trained to attack male opponents within 50 s during 9 days. Only 17 males met the criterion. In contrast, 3 out of 20 SAL mice did not consequently attack male intruders. Data are expressed as mean standard error Fig. 4 . Ground-plan of the test-cage (for explanation see text).
(sem). All the testing on the statistical significance for two unrelated samples was done with the Mann-Whitney U test (MWU). The significance of differences in number of SAL and LAL mice that attack female opponents was determined by the x2 or Fisher exact probability test (Fisher). The p-values are two-tailed, unless otherwise stated.
Results. At day 2 and 3 SAL males attacked the male opponents significantly faster than LAL mice did. At day 2 SAL mice attacked the opponent in 4.0 ± 0.2 s and at day 3 in 5.3 ± 1.6 s. For LAL mice these scores were 18.9 ± 3.4 s and 18.0 ± 3.4 s, respectively (MWU, day 2: day 3: p<0.01). However, the number of encounters with the opponent before attacking was not different between LAL and SAL residents (over two days: LAL 1.4+0.1; SAL 1.0 ± 0.0, MWU, ns for both days).
In test II the SAL males attacked the male opponents again significantly faster than the LAL residents did (MWU, p < 0.01 for both days). The SAL males attacked the opponents in 5.4 ± 1.6 and 3.4+0.7 7 s, respectively and the LAL males in 16.5 + 3.2 and 11.3 ± 2.2 s, respectively. Once more the number of encounters before attacking did not differ between SAL and LAL residents (over two days: LAL 1.3 ± 0.1; SAL 1.0 ± 0.0, MWU, ns for both days). In addition, there was also a significant difference in attack latency towards female opponents (MWU, p = 0.01, one-tailed). SAL males attacked their own female after 318.3 ± 68.5 s, whereas LAL mice attacked after 570.3 ± 29.8 s. In test III on all 9 days the SAL males attacked the opponents significantly faster than the LAL mice did (MWU, P<0.04).
The mean ALSs of the SAL males ranged from 8.9 ± 3.7 to 1.3 ± 0.6 s and of the LAL mice from 21.4+5.4 to 6.6+1.9 s. At none of these days the number of encounters before attacking differed between the SAL and LAL residents (MWU, ns). A very large difference in mean ALS showed up at day 10, when the SAL and LAL males were confronted with their own female. SAL mice attacked their female significantly faster, in 142.3 ± 63.5 s, than LAL males did, which mean ALS was 466.9 + 60.1 I s (MWU, one-tailed). The difference in response to a female intruder between LAL and SAL mice was particularly reflected in the number of males that attacked their own female. The decrease in mean attack latency towards a female opponent after an increasing amount of experience with male opponents was caused by a larger proportion of animals that rapidly attacked their own female rather than by a progressive decrease in attack latency over tests. Fig. 5 summarizes the results. Without prior experience with male opponents only a small proportion of the LAL and SAL residents attacked their own female; there was no significant difference between LAL and SAL males (Fisher, ns). After two preceding confrontations with male opponents half of the SAL males attacked their own female. This differed significantly from the still small proportion of LAL mice that attacked their female (Fisher, p<0.01, one-tailed). After nine previous attacks on male opponents most SAL male attacked on the subsequent day their female, while once again only a minority of the LAL mice attacked their female (X2, p < 0.01, one-tailed).
Overall, the number of attackers in the various situations was significantly different within the SAL line (X2, p < 0.01 ), but rather similar within the LAL line (Fisher, ns). Discussion.
Male mice of a selection line for short attack latency are more routine-like in their attacking behaviour than males of a selection line for long attack latency. This is concluded from the fact that SAL males, after unilateral experience with attacking male intruders, fail to change their behaviour appropriately when a familiar female is presented as intruder. The more extended the previous experience with male opponents was, the more SAL males subsequently attacked their female. Without prior experience with male intruders familiar females were not attacked. This shows that during the repeated confrontations with male intruders an attacking routine was developed, which got stronger with more extended experience. LAL males that consistently attacked male intruders shifted their behaviour promptly when their female was introduced as intruder, regardless of the extent of experience. Apparently, they do not readily develop an attacking routine, but keep alert to the actual situation. The behaviour towards male opponents was similar for LAL and SAL residents. The number of encounters with the opponent before attacking was essentially the same in both types of individuals and turned out to be very restricted. The only difference between LAL and SAL males pertained to the response to the opening of the sliding door of the introduction-chamber, which initially separated the intruder from the resident.
The approaching behaviour of LAL mice was somewhat disrupted by it, which caused their somewhat longer attack latencies as compared to the SAL males. SAL males leap on the door and are not distracted by the opening of it. This can also be interpreted as a very routine-like response to the situation, especially since SAL males, after extended experience with the procedure, even "attack" an empty introduction-chamber, a response that is never seen in LAL mice. It has generally been shown that the stimulus properties of the target animal play a significant role in determining the course of an interaction. For instance, a moving subject is more likely to elicit attack than a motionless opponent (LAGERSPETZ, 1964; SCOTT & FREDERICSON, 1951) . In addition, more specific characteristics of the intruding individual are also of importance, like maturity (THOR & FLANNELLY, 1976) , sex (see introduction of part B) and social status (BRAIN et al., 1981) . However, there are als numerous reports that provide evidence for a habit formation, i. e. , a relative independence of the specific properties of the intruder, in aggressive behaviour. CAIRNS & ScIIOLZ (1973) have tested isolation-reared male mice against target mice that differ in activity/reactivity manipulated by a prior injection of various dose levels of chlorpromazine or even a lethal dose of nembutal. Without prior attacking experience there was a monotonic negative relationship between the drug dose and the proportion of subjects that attacked the target animals (i. e. , all subjects in the saline condition attacked their partners and none of the animals tested against a dead animal attacked).
However, after prior attacking experience it was most likely that an entirely nonresponsive target was also attacked, as is shown by the large proportion of animals that attacked a dead target. CAIRNS & SCHOLZ (1973) interpret this as a generalization of prior attack experiences to subsequent interactions.
Unfortunately, the emphasis in this study was on differences in attackeliciting properties of the target animals, so nothing can be concluded about potential individual differences in the response of the experimental subjects. The same curtailment holds for the observations of LAGERSPETz (1964) . She has shown that upon first presentation movement of the opponent causes attacking behaviour, whereas later on attacks are also made against motionless opponents.
However, this has only been shown for animals belonging to a selection line for high aggressiveness.
More recently, it has been reported by PosHIvALov (1981) 
Summary
To investigate the relationship between aggression and routine-like behaviour the response of male mice of bidirectionally selected lines for attack latency to a change in the social and non-social environment has been measured. In a non-social situation the extent of routine-like behaviour was measured in a Y-maze in which only one of the two arms gave access to the food compartments. The number of errors made in response to reversal of the arm that was blocked was taken as indicator for the degree of routine formation. Males of the short attack latency (SAL) line made significantly more errors, and hence were more routine-like in their performance, than mice of the long attack latency (LAL) line. Males of the LAL line that nevertheless had short attack latencies (i. e. aggressive LAL mice) turned out to be flexible in their behaviour; their response was similar to that of the non-aggressive LAL males. In a social situation SAL and aggressive LAL mice were used to investigate routine formation in attacking behaviour. The males were given different amounts of experience with male opponents after which their own female was introduced as opponent. The more extended the experience with male intruders was, the more SAL males subsequently attacked their female. In contrast, LAL mice appropriately changed their behaviour towards the female opponent. Thus, the attacking behaviour of SAL mice gets routinelike, whereas that of LAL males remains flexible.
It is concluded that selection for attack latency generally coincides with selection for routine-like behaviour, suggesting that these two factors are influenced by many of the same genes. Regarding the fact that aggressive males of the LAL line show flexible behaviour, it may be proposed that with the phenotypic selection for attack latency there has in fact been selected for a mechanism that determines the organization (routine-like vs flexible) of behaviour.
